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Mark Scheme Notes

Marks are of the following three types:

M Method mark, awarded for a valid method applied to the problem. Method marks are
not lost for numerical errors, algebraic slips or errors in units. However, it is not
usually sufficient for a candidate just to indicate an intention of using some method or
just to quote a formula; the formula or idea must be applied to the specific problem in
hand, e.g. by substituting the relevant quantities into the formula. Correct application
of a formula without the formula being quoted obviously earns the M mark and in some
cases an M mark can be implied from a correct answer.

A Accuracy mark, awarded for a correct answer or intermediate step correctly obtained.
Accuracy marks cannot be given unless the associated method mark is earned (or
implied).

B Mark for a correct result or statement independent of method marks.

When a part of a question has two or more "method" steps, the M marks are generally
independent unless the scheme specifically says otherwise; and similarly when there are
several B marks allocated. The notation DM or DB (or dep*) is used to indicate that a
particular M or B mark is dependent on an earlier M or B (asterisked) mark in the scheme.
When two or more steps are run together by the candidate, the earlier marks are implied and
full credit is given.

The symbol ' implies that the A or B mark indicated is allowed for work correctly following
on from previously incorrect results. Otherwise, A or B marks are given for correct work
only. A and B marks are not given for fortuitously "correct" answers or results obtained from
incorrect working.

Note: B2 or A2 means that the candidate can earn 2 or O.
B2/1/0 means that the candidate can earn anything from 0 to 2.

The marks indicated in the scheme may not be subdivided. If there is genuine doubt
whether a candidate has earned a mark, allow the candidate the benefit of the doubt.
Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong
working following a correct form of answer is ignored.

Wrong or missing units in an answer should not lead to the loss of a mark unless the
scheme specifically indicates otherwise.

For a numerical answer, allow the A or B mark if a value is obtained which is correct to 3 s.f.,
or which would be correct to 3 s.f. if rounded (1 d.p. in the case of an angle). As stated
above, an A or B mark is not given if a correct numerical answer arises fortuitously from
incorrect working. For Mechanics questions, allow A or B marks for correct answers which
arise from taking g equal to 9.8 or 9.81 instead of 10.
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The following abbreviations may be used in a mark scheme or used on the scripts:

AEF

AG

BOD

CAO

CWO
ISW
MR

PA

SOS

SR

Penalties

MR -1

PA -1

Any Equivalent Form (of answer is equally acceptable)

Answer Given on the question paper (so extra checking is needed to ensure that
the detailed working leading to the result is valid)

Benefit of Doubt (allowed when the validity of a solution may not be absolutely
clear)

Correct Answer Only (emphasising that no "follow through" from a previous error
is allowed)

Correct Working Only — often written by a ‘fortuitous' answer
Ignore Subsequent Working
Misread

Premature Approximation (resulting in basically correct work that is insufficiently
accurate)

See Other Solution (the candidate makes a better attempt at the same question)

Special Ruling (detailing the mark to be given for a specific wrong solution, or a
case where some standard marking practice is to be varied in the light of a
particular circumstance)

A penalty of MR —1 is deducted from A or B marks when the data of a question or
part question are genuinely misread and the object and difficulty of the question
remain unaltered. In this case all A and B marks then become "follow through "
marks. MR is not applied when the candidate misreads his own figures — this is
regarded as an error in accuracy. An MR-2 penalty may be applied in particular
cases if agreed at the coordination meeting.

This is deducted from A or B marks in the case of premature approximation. The
PA —1 penalty is usually discussed at the meeting.
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Qu Solution Marks
. l( [ ):l (3r+4)—(3r+1) _ 1 AG Bl
3\3r+1 3r+4) 3 (3r+1)(3r+4) (3r+1)(3r+4) [1]
I(r 1 11 1 1 (1 1
Sy== (———j+(———j+ + ( )— =—(—— j M1 Al
3|\4 7 7 10 3N+1) 3N+4 34 3N+4
5 1
T Al
1 1
=>85-8Sv= <
" 3(3N+4) 10000 M1
:>3N+4>10000:>N>11091.ThusleastNislllO. Al
? [5]
. 1
2 W1thn=3,§n(n—3)=0 M1
A triangle has no diagonals = Hj is true. Al
Assume Hy is true: A k-gon has %k(k - 3) diagonals for some integer > 3 B1
Adding an extra vertex, a further (k— 1) diagonals can be drawn. M1
- - k+1)(k-2
%k(k—3)+k—1: k 3k2+2k 2_( )2( )
| Al
=E(k+1)(k+l—3) (So Hy= Hy.)) Al
[6]
=H, is true for all integers n>3 .
k11
3 1 k 1{=0= k" -3k+2=0 M1Al
1 1 &k
M1Al
(k—l)z(k+2):0 =>k=1,—2 [4]
k=1:= x+y+z=2 and x+y+z=-1 = inconsistent. B1
k=-2: = x=z-1 M1
Hence (xvyaz) = ( [_1 + t]) Z, t) Al
[3]
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Qu Solution Marks
2
4 b_ 2x Bl
dr 1-x
2
2 2 62, 4 2 (142
1+(d_yj 1. 4x 2:1 2x° +x ;L4x :( )2 (AG) B1
X (1-x%) (1-x%) (1-x%) 2]
2
I+x _ 1 1 1 M1A1
1-x* l+x 1-x [2]
1
! 1 M1
s=2 +———1|dx (oe)
; I+x 1-x
1
2 M1A1
=2 ln(“_—xj—x ’
I-x 0
Al
4
=2In3-1 (AEF) 41
2
X =9)-2x(x+2
5 @ _(x29)-2x(x+2) Bi
dx ()c2 —9)
2 _4y_9 — ) _
_ X —4x-9 (x+2) 5:>d_y<0
2 2 2 2 dx M1A1
(+*-9) (+*-9) 3]
Asymptotes: x=13 ; y=0 B1B1
[2]
Sketch: Axes and asymptotes ; Outside branches
) B1B1
Middle branch, showing (O,—gj and (—2,0). B1
[3]
(Deduct at most 1 mark for poor forms at infinity.)
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Qu Solution Marks
6 d x" (4—x2 )% =—3x"+1(4—x2 )% +nx"’1(4—x2 )% B1
dx
1 1
—3)6"“(4—x2)2 +nx"! (4—x2)2 (4—x2) M1
3 2
= {x" (4-x7)2 } =0==31,,,+4nl,_ —nl,, M1
0
= (n+3)1,,,=4nl,_ (AG) Al
[4]
1 T g
I = __(4_x2)z =2 MI1A1
3 . 3 .
64 M1A1Y
5L=8I=1,=— [4]
15
7 x*+y° :;xj x4y —x=1 MI1A1
1l——=
Jxi+y
= y® =1+ 2x or equivalent RHS Al
[3]
Sketch: Parabola symmetrical about x-axis. Intercepts at (—%,O) and (O ,il). B1 B1
Shading correct area Bl
[3]
3z
1%
Recognises — I—zdé? as the area of the region between parabola and y-axis.
2 7 (1-cos®)
2
0 1
=2x j(1+2x)5dx M1
3 M1A1
37 [4]
2{—(1 + 2x)2} =—
1
2
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Qu Solution Marks
8 Let S, denote o + " +y".
S,=87-2YaB=1"-2x(-1)=3 M1A1
S=8 485, 415=3+1+15=19 (AG) M[i‘j“l
Alt method: > =1, Zap=-1, and offy = 5 M1, Al
S3-S;’- 3Za Zap + 3o0py=19 M1, Al
S4:S3+S2+5S1:19+3+5=27 M1A1
[2]
x—Z_l —1—131—1—x:z—L
z z oz 1-x B1
1 1 1 ) . .
Hence > > 1 —5=0 is the required equation. M1
(1-x) (1-x)" (1=x) M1A1
=1-(1-x)-(1-x) =5(1-x) =0 =...=5x* ~16x* +18x=6=0 [4]
N . , 1
9 z+—| =| 2+ |+4| Z+ = |+6 Mi
z z z
Taking z =cos@ +isin@ , (2c05¢9)4 =2c0s460 +8c0s26 +6 M1A1
:cos40=%(200s4¢9+800529+6)=%(cos40+400526+3) (AG) Al
[4]
N L1 , 1
(Z—;) ZLZ +Z—4j—4(Z +Z—2j+6 Ml
o MIALl
= (2isin@) =2cos46-8cos26+6
.4 1 1 Al
= sin*0 =—(2cos40 —8cos 260 +6) =—(cos 46 —4cos 26 +3) 4
16 8 [4]
1
8" 1 8"
I(cos4«9+sin49) dg=— I(cos49+3)d0 M1
) 43 MI1A1
1| sin40 é” 1 3 31
=— +30| =—+—x (oe)
4 4 . 16 32
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Qu Solution Marks
dy dy du do 1 dy
10 =y x—=x—x—=— (AG B1
dvr du dx du x du (AG)
2
xzd_y:x2£(d_yj:x2i(ld_yJ M1
dx? dx \ dx dx\ x du
oL, L e
x“dy xdu|du |dx
dp d*y 1 d* dy
=——+x—.—=—-—— (AG
du du® x du* du (AG) Al
[3]
Substituting in differential equation:

2 2
d—f—d—y+3d—y+17y=34u+21:>d—f+2d—y+17y=34u+21 (AG) B1
du” du du du du [1]
m* +2m+17=0=>m=-1+£4i=y, =" (Acos4u + Bsin4u) M1A1l

' " M1
y,=cut+d=y =candy"=0=2c+17cu+17d =34u + 21 Al
=2c¢=2 , d=1=y,=2u+l
=y =1(A cos[4Inx]+ Bsin[4lnx]) +2Inx +1 (or in terms of u) Al

X
B1

y=0whenx=1=2>0=4+1=A=-1oru=0,y=0etc
d—y=—L2(Acos[4ln)c]+Bsin[4lnx])Jrl(—/lsin[4lnx].i+Bcos[4lnx].i}rg M1
dx x x X x) x
dy
Ez—lwhenx=1:>4=1+4B+2:>B=—1 Al
or all in terms of u

| Al
Hence y=21nx+1——(cos[4lnx]+sin[4lnx]) (oe) [9]

x
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Qu Solution Marks
i j k| (24 1
11 (e) A=1:10 -3 =3|=| 24 |~| 1 | (Or by equations.) M1A1
-8 5 -3 |-24) (-1
i j k 15 1 Al
A=4: -3 =3 3|=| 15 |~| 1
[3]
8 2 -3 (-30) (=2
I -3 -3)\0 0
-8 6 3| 11|=|9 |=1=9 MI1A1
g8 —2 7)-1) |-9 2]
1 1 0 1 00
P=(1 1 1 |D=]0 4 0 B1B1
-1 -2 -1 0 0 9
B1+
Det P =1
1 1 1 1 1 1
S 1 -1 _ 1 ;
AdjP=1| 0 1 -1 =P 0 1 —1/{.(Or by row operations) MI1ATS
-1 1 0 -1 1 0 [5]
1 00
C=]0 2 0 B1
0 0 3
P'AP=C’= A=PC’P"' =PCP"'. PCP"' (i.e. B=PCP) M1
1 2 0 I -1 -1
PC=|1 2 3| =B=|-2 2 -1| (Intermediate step required.)
M1A1
-1 4 3 2 0 3
[4]
(Note: B may not be unique.)
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Qu Solution Marks
11 (o) (i) | Direction perpendicular to 4B and CD:
i j k| (2-2
n=|0 1 1= 4 M1Al
4 3-1 1 —4
5
. 5 A -2 .
DB = —461 . Hence [ﬂ[ 744 } or equivalent MiAL
- \/(1—2)2+l6+16:3
ii 2 _ 2
@) = (52-2)" =9(2> -42+36) MIMI
= .= +1-20=0 (AG) Al
[7]
(/”t+5)(/1—4)=0:>/1=—5,4
B1
2 i j K| (-10
A=4=a=| 4 | > Normalto4dBD=|4 -1 1|=|-29
-3 -1 3 7 11 M1A1
2 i j K| (44
A=-5=a=|-5|=>Normalto4dBD=|4 8 1|=|-29
-3 -1 12 7| | 56 Al
—440+841+ 616 1017
cosd = :\/ N
V10?429 41174447 429 1567 V10625913 MiA1
= 0=066.1° Al
[7]
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